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Applicability of Megacycle Frequency Osc¢illator Circuita

to Keaction Rate lMeasurement
By Philip Jo Elving

Department of Chemistry, University of Michigan
Ann Al‘bOI’a re’.?ichigan. Ue36A
ABSTRACT

The basis for the application of megacycle frequency oscil-
lators to the measurement of rapid reaction rates is described, in
particular where insulated cells are used, i.,e,, cells in which
electrodes or other electrical connective devices are not in con-
tact with the sample solution. The applicabiliiy to ionizable
systems in aqueous solution is stressed, In such media, the use
of a high-frequency oscillator permits rapid measurement of elec-
trical conductance since point to point balancing of a bridge is
unnecessary. In nonaquecus systems, megacycle oscillators can be
used to follow both conductance and dielectric constant chuz.:ige

Tha general rolation of hign-frequency conductance aud capaci=
tance to the usual low=frequency conductance is indicate:d. The
critical factors involved include oscillator type and frequency,
cell design, and sample composition. The general limitation on
the use of the technique is due to the fact that only one physical
property of the system is being measured.:

The specific application of an oscillator circuit to follow=-
ing the rapid alkaline hydrolysis of esters /s described in some

detall to illustrate the methodology involved in studying ionic
reactions,
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Coincident with the genersl development of instrumentation in
analytical chemistry has been the adaptation of megacycle froquency
osciliator circuits for use in concentration-measuring devices.
Although a fair =mcuni of work was done previous to 1945, especially
on the measurement of dielectric constant as an analytical index,

current interest dates back to Blake!s:

use of Q meters in 1945
and the study of tuned-plate tuned-grid circuits hy Jensen and
Parrackz published in 1946. The successful use by the latter of
the high-frequency method in titration attracted considersble att-<n-
tion to the field.

The present discussion is primarily devoted to sﬁudies in
insulated cells, i.e., cells in which there 1s no direct contact
between the sample solution and the electrodes or other connective
device. Mention is made of a few pertinent studies involving the
use at high frequencies of conventional conductance and dielectric
constant ¢@lls vhere the clectrodes are in contact with the solu-
tion under measurement: Both classes of cells depend upon the same
basic properties of the svlution and are amenable to the same gen-
eral type of interpretation.

Papers published since 1946 have been largely focused on the
utilizatioﬁ of high-frequency oscillators as devices for the
detection of the equivaleace point in the usual types of titri-
metric reactions; relatively little attention has been paid to
their use as a means of measuring reaction rates, particularly in
rapid reactionse A few workers have investigated and discussed
the nature of the measurcments made in high-frequency oscillator
circu;ts. The one briei book3 on the subject is almost cntirely

devoted to the authort!s cwn worke
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PRIDICIPIE OF OPERATIONe. The basic utilismation of a megacycle

oscillator as en analytical dovice consists of Inserting the sample

in a componont of the oscillator circuit vhere it can Le considered
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of the circuit:; Specifically, the sample can be inserted in a
cuvette placed between condenser plates, in a beaker recsting on

a plate and circled by a band, in a tube encircled by two band
nlates, in a tube surrounded by a ccil, etc., where the cpndenser
or coil is part of the oscillator circuit or is comnected to the
funknown" teérminals of an impedance-measuring circuit. The opera-
tion then essentially consists of (a) initially tuning the circuit
to resonance, 1i.e., sustained oscilistion, or some other reference
state, with the sample cell either empty or containing a reference
system; (b) introducing a sample into the cell; and (¢) determining
the résulting change in the circuit. The latter can be done in =z
variety of ways, e:ge, by (a) returning the circuit to rcsonance
through a variabls capacitor in parallel with the sample and nocting
the cepacitance chaage, (b) méasuring the change in the plate or ]
grid current or voltage of the oscillator tube, or (¢) determining

the change in frequency; the latter can, if desired, be con%erted

into a voltage. Consequently, from the viewpoint of reaction rate

measurement, it is possible to record current or potential as a

function of time, using available automatic tachniques. Based on

suitable calibration, the resulting variation can be converted to

- concentration for kinetic calculations; if the current or potential

variation is linearly related to concentration, the measurements

can obviously be directly used for kinetic calculations.
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PHYSICAL BASIS OF THL TECHIIICQUE

A number of analyses of the nature of the electrical property
being measured in the case of chemical systems by megacycle ¢scil-
lator circuits have been attempted. The tvpical resronse rives he
aqueous solutions vwith changing concentration of electrolyts is
shown in fige. 1l; frequency-measuring circuits give an S-shaped
responge, while current-measuring instruments give a hump=shaped
eesponsge; the positions of the maxima of the humps and the inflection
points of the sigmoid curves vary with frequency for a given instru-
ment, éell and solutione.

The currentlj most acceptable ureatment involves an explanation
in Yorms of the equivalent circuil and the low=-frequency conduc-
tance. The following discussion is based oun that of Blaedel,“'6
Blake,1’3’? Hall,s'lo and Reilliey and McCurdy.ll who have contributed
the most meaningful interpretationse.

The sample system can be considered in tcrms of the equivalent
circuit of fig. 2 where cl'is the capacitance determined by ths
metal elecirodes outside the glass dielectric of the sample cell,
the cell wall and the inside surface of the glass wall. C and R
represent, respectively, the capacitance and the resistance offered
by the zolution in the cell. Such an equivalent circuit providesa

satisfactory loglcal basis for discussion and can be simplified into

a series or parallel equivalent circuit of ¢ and R. Only the parallel’

eircuit will be discussed as being the more commonly encountered

effective case; both the psrallel and series circuits are treated

. ii
dn detgil Ty Reilley and MeCurdy ™™,
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The capacitances, Cq and C, can be considered as relatively
constant for a given aqueous system and set of operating conditions.
Cy is constant, sinéé it includes invariant situations. The value
of C is dependent upon the diclectric constant of the sclution; its
constancy is then 1ndicated by the experimental fact that the dielec-
tric constant of an aqueous solution is virtually unchanged in the
normal concentration range, since it shows only a second order
dependence on clectrolyte concentration in dilute solution. Actually,
the variation in Cy and C may be considerable during a change in
electrolyte concentration due to lack of cell symmetry and shieldinglz.

The h;gh frequency capacitancé and conductance of a cell con=-

11

taining an aqueous solution have been showm™ in the case of the

éarallel equivalent circuit of fig., 2 to be related by the frllow-
ing equation to the usual low=frequency, e.ge, 1000-cycle, conduc=-

tance of the solution and the diclectric constant of the solvent:

3, .2 3.~ 2

2 2 2 .
(]-/R)“J j a)cl/R +w CIC *a’ Cul

Y= +

1/’32 ¢492(c + 01)2

(1)

:L/R2 +(4)2(C + Cl)z

where

Y is the net admittance {reciprocal of the impedance) of the
circuit

R is the actual solution resistance, equal to 1/k where K =2k is
the actual low frequency conductaince of the solution

¢ is 277f where £ i3 the frequency

Cy is the cell capacitance previously defined

C is the solution capacitance
3 1is the opsrator, ,1)1/2
Equation (1) is obviously in the form of the conductance-

susceptance relaticn for a parallel a.c. circuit,

7 =
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Ye~Gg, ¢+ JB (2)

where

Gp is the conductance term, l/Rp, 1.6, the real part of admit-
tance, where Rp is the cquivalent parallgl rcsistance

JBP is ths susceptance term (equal to Ju;cp), j.e., the imagi-
nary part of admittance

cp is the equivalent paraliel capacitance,

The oxperimentally observed results for concentration change
(fig. 1) can be related to equation {1) as indicated in fig. 3, the

data for which can be obtained by the use of a Twin<T impedance
10,11

_measuring circuit *+ The latter effectively measures the equiva=

lent parallel capacity and high-frequency conductance separately as
well as independently of other circuit components. The values of the
conductance at which the peaks and infliction points of fige 3 occur
can be related to the frequency, the values of C1 and C, and the
dielectric constant of the solvente It is evident that fige 1 and

3 are identical in form except for the log pnlot of fige 1 and the
inversion of the capaciténce responses. -

The instruments which have thus far been described fall into
three classes on the basis of the electrical property measuredg’llg
(a) measurement of high-frequency conductance or loss, (b) measure-
rent of equivalent capacitance change, and (c) composite measurement
2f both equivalent cepacitance and high-frequency conductance,

The coupling of dilute solutions to the circuit has been shovm
to be essentially capacitive. Consequently, grcater sensitivity
nay usually be obtained if the glass sample cell is coupled by a

band or plate arrangement.
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It might be emphasized that for agqueous solutions the capacitance
of the high-frequency cell differs from the capacitance across the
solution in a convenbtional conductance cell in that the former is a
functiocn of the resistance of the solution, as can be seen from
equation (1).

In general, as indicated, the nature and value of the property
or propertiea measured are functions of sample composition, cell
design, and oscillator type and frequency. It may be possible by
a consideration of these factors as discussed in the references
cited (especially 9 and 11) to select the optimum experimental arrange=-
ment for following the changes in any given system. Fér example, the
concentration range for which a given oxperimental arrangement can
be used can be readily ascertained by obtaining dilution curves of
the type shown in fig. 1, as subsequently indicated.

Since most mepgacycle instruments described have used a very
Jow power, the vossible heating effect on the solution has not been
a serious consideration; no other specific sources of error are
apparently involved in the use of a radio-frequency field. Axtmannl3
found no effect on the reaction between ethyl alcohol and acetic
anhydride in carbon tetrachloride solution when observed by a 2=-
megacycle frequency dielectrie constant apparatus with metal plates

in direct contact with the solution.
TYPICAL EIBODIMENT OF THE TﬁGHIEIQUE

The author and his coworkers in their earlier investigations
used a tuned-plate tuned-grid circuit derived from that described
by Jensen and Parrack.2 Such a circuit has the advantage from the
standpoint of reaction rate measurement of producing as the measuring
item a current, I, which can be readily recorded by a recording potentlo-
meter which utilizes the IR drop produced by the current in a knowa

resistance, R.

Ll
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The circuilt and appraratus involved have been described
most important elements have been separated in the block diagram of
figs & in order that their functions may be more readily ssen. A
regulated power supply, A, provides the necessary voltage to the
10-megacycle oscillator, B. The jacketad reaction cell, C, is
inserted in a coil Jorming part of a tank circuit in the oscillator,
The response of the oscillator is measured through the potential
drop in the resistance, Rz, which is communicated through the
balarcing circuit, E, and the shunt, F, vo the recorder, G.

The use of a recorder to maintain a continuous and permanent
record of the current change produced in the oscillator has considere
ably extended the use of the high-frequency technique in rcaction
rate measurements A Brown Electronik recording potentiometer is
satisfactory for observing reactions of half-lives of several scconds
or greater. The instrument used has a 10-mv. range and requires 1.5
seconds for full-scale deflection.

Calibration curves relating {a) concentration and oscillator
response {current in the example being discussed) and (b) the latter
and recorder reading at different instrument sensitivitics are readily
obtained. For reaction rate calculation where recorder response core
responds linearily to concentration, calculations are conveniently
made in terms of recorder units as subsequently indicated.

The response drift of the oscillator over a long period of time
ray be appreciable, owing to heating of the circuit elements, changes
in humidity, line voltage fluctuations, etc. When the kinetic studies
involve measurement over a rslatiwvely short psriod of time, such drift
can be neglecteds If it were desired to study slow reactions, the

drift could easily be compensated for by previous determingtion or
by periodic readjustmente.

T
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Smali fluctuations in oscillator response during a reaction
present no great difficulty if a recorder is used, as the fluc-
tuations are easily discernible and the curve can be smoothed out.
A steady and constant drift, on the other hand, may invalidate
the results if the drift is not discovereds. For this reason the

current should always be observed clesely for constancy prior to
and after the running of the reaction.

The need for good grounding and shielding cannot be emphasiged
too greatly. Body capacitance may also be important; an inveati-
gator should always determine beforshand whers he may safely handle

the instrument without céusing errors in the meaéurement.

EKINETIC CAICULATIONS. In view of the perhaps novel nature of
the experimental =easurement, it may be worthwhile t6 indicate
briefly how the data obtained for, e.ge, & second-order reaction i
may be handled. For simplicity’s sake, a linear relation between
concentration and circuit response is assumed. The toctal change in
recorder units is then proportional tc the total concentration
changee The latter is also equal to the initial conceantration of
the reactant present in the lesser amount, providing the reaction
goes to completvion. If the reading on the chart at time zero is
18 and the reading at infinite time is 1°tthen the initial concen~
tration of the reactant present. in the lesser amount, say b, is
proportional teo i. - iin and the dscrease afver time ¢ is propore
tional to (i. - 1t)/(i. -1 ) 1ece;

[ ]
i =1
X = . tb-ﬂ'b (3)

i -1
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whers (1. - 1t)/ 4, - 1.) is written as o© for convenience, Sube
stitution of this exﬁreasion in the usual equation for the rate

constant for a second-order reaction and subsequent rearrangemsnt

give

t = 2’202 loglo l - (g;h‘a) (&)
k{a = b) le-o ‘

A plot of t against the log term of equation (&) should yield a
straight line, the slope of which is 2,503 /k(a - b), for a second-
order reaction. |

Similarly; equation (3), if the initial concentrations are

equal, results in the expressions
i -1

. t
ke 22 ) (5)
.atit-i.
or
1 Lio“'{t 4
- +
t ka‘.( T ) o (6)

30 that a plot of 1, against (i. - it )/t should yield a straight
iire whose slope is l/ka. Equation (6) is particularly useful if
the extrapolation of the curve of time ys. response to infinite
time is difficult, as a knowledge of i“ is not requirede This may
be the case for a very slow reaction.

If the reaction is very fast, it may be difficult to extra-
polate the time-response curve to zero time. In this case, equation

(5) can be rearranged to give
\
i, - kat{i = it’, « i (7

where a plot of 1, against t(i. = 1 ) should yield a straight line
t
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of slope ka. The bshavior of the reaction products, e.ge., hydrolysis
of the sglt produced in a saponification, may cause the plotted
relation to deviate from a straight line, In practice, the most
reliable results are obtained 4f the reactant concentrations are
chosen so that extrapolation to both zero time and infinite time
can be mads. Equation (4) 1is thgn used foé the kinetie calculations.
Soms considsration has been given to the use of equations which
do not involve knowledge of 1. and, perhaps, 1-? A method 1is being
developed15 for the calculation of rate constants from the type or‘
data obtained with high frequency oscillators in the case of second-
order reactions. The principles of such an attack on the problem

were originally stated by Guggenheiml6 for first-order reactions.

A method for pseudo first-order recactions based on evaluation of

the slopes of the rate curve has been describedl?a

APPLICABILITY OF THE TECHNIQUE
As far as the chemical application of megacycle frequency

oscillators is concerned; the emphasis has been mainly on the
study of inorganic reactions which exhibit inflection points such
as neutralization and precipi@ation titrations. Relatively little
attention has been dirccted toward the investigation of organic
systems other than for direct concentralion measurexnen*:‘m"'22
which involved essentially dielectyric constant measurementlz, or

for titration2’23

s although the posaibilities here should be obvious,
Any organic reaction which involves a change in the observed
electrical properties of the solution (due to conductance, dielectric
constant or some related combination effect) as a function of time,

may be conveniently studied.s The essential criterion is that the
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change in electrical property be an accurate indication of the
corresponding change in the composition of the solution. A
linear relatlon between electrical property change and concenw
tration would naturally be preferable for a simple interpretatioa
of the results and may be a requirement for sec~nd and higher
order reactions.

Some work has been done on following the composition of
flowing streams, which is obviously a problem closely related
to that of observing reaction ratess In several cauves, the
measurement was essentially a conventional dielectric constant
determination. By placing a portion of the coiumn between the
plates of a condenser or an eauivalent arrangement, the progress
of chromatographic development was followed2“’25. The same
gensral technique has been applied to ion-exchange involving
aqueous solutionzé. A 2-megacycle oscillator has been used to
analyze continuously plant strcams of paraffinic.aromatie hydro-
carbon mixtures, based on the overall difference in dielectric
constant hetween these two groups of compoundsz7.

Highl frequency oscillators of the type with which this
paper is concerned have been applied in several instances to
following moderately slow reactions. Duke, Bever and Dieh128
observed the rate of precipitation of barium sulfate. Jensen,
Watson and Beckham29 followed the hydrolysis of,. ethyl acetate;
calibration for the nonlinear loading of the oscillator was
necessary becaugse >f the high concentrations used. The com-
mercially available Sargent Oscillometer which cemploys a frequency

discriminator cirszuit (5 Mc¢/s), has been used to follow the con-

version of nitroalkanes to the aci form in aquecus dilute sodium



hydroxide salution?oa Using mamial rebalancing, the reaction
was studled under conditions whers the half-life was ahout eme
minute; by the addition of a recorder, thera‘is 1o reason to
believe that much nore rapid reactions could not be followed.

The only work on rapid reactions is apparently that of the
author and his coworkeralﬁ’15; their work on ester hydrolysis
ia subsequently desaridbed iu sbme detall. However, Calcotégl,
in measuring flame speeds, used a tunede-plate tuned-grid oscil-
lator (65 or 100 Mc/s) to detect ionizéﬁion when the flame passed
through a tank coil of the oscillator, |

More work has been done in following reactions which do
not necessarily involve ionic changes and which can be performed
in nonaqueous system, i.e., the measurcment of dielectric con-
stant as en index to composition. The Sargent Oecillometer
mentioned, which measures the capacitance of the sample cell,
might be suitable since its readings can be readily converted
into units of dislectric constant; the response of this instru-
ment can be fed into a recording potentiometer.

The nost thorough studies to date on the use of dielectric
constant neasurcment in following fast reactions are those of
Burrell, Majury and M91y111532’33, who used a recording capaci-
tance bridge (50-60 Mc/s) to follow the change 4in dielectric
constant as an indication of heat of reaction in an isolated
system. Correciion was made for the change in dielectric con-
stant due to compositional change; the magnitude of the latter
dielectric constant change was too small to permit sufficiently

accurate rate calculation. The apparatus can record the non-

stationary phase of chcemical reactions, especially polymerizaticn

V@
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TABLIE 1.

Ethyl

Butyl

14

reactions, on a cathode-ray oscilloscope with a sensitivity of
1 vart in 108 in capacity and a time-rosolution of the order of
1 millisecond; a recording voltmeter is used for slower reactions.
The apparatus is particularly epplicable to studying ph;tochemi-
cally induced chain reactions.
N TION OF L o The basis for the application of
& high-frequency oscillator tc measuring the rate of alkaline
hydrolysis of eaterslk is evident from the dilution curves of
fige 5; which indicate that at a concentration of 4 millimolar
or lower the oscillator circuit concerned could be used for fol-
lowing the reaction between an ester and NaCOHe Fig. 5 cmphasizes
the genasral relationship of the megacycle oacillator technique
to ordinary conductometric technique in which it is assumed 4in
measurement of this type of reaction that the change in conduce
tance is linear and is due to a replacement of the hydroxyl
ion by the anion of the acid from which the ester was derived.
Ethyl alcohel and acctate are seen to contribute negligibly wichin
the low concentration ranges.

The apparatus arrangement (fig. L) was tested by measuring
the rates of alkaline hydrolysis of the lower aliphatic esters
since these compounds have been fairly thoroughly studied. The
rate ccgstants obtainedlk are compared in tabie 1 with previously

determined values.

COMPARISON OF REACTION RATE CONSTANTS (liter mole™> seco™~)
FOR ALKALINE HYDROLYSIS OF ALIPHATIC ESTLERS AT 25° C.
Acotane Propionate
Salmi. Flom, Salmi Flom’
Laimuéb Hammcttas Elvinglh 1a b Elvinglk
0,109 C.108 0,110 0.089 0.023
0.087 0,098 0.095 0,079 0,072
0.087 0.091 0.069
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Denbigh36‘37, using a flow method, found a rate constant for ethyl
mele ™ sec., . In view of the widaly differ-
ing types of measurement used for following the reactions, the
agreemnent is considered to be good.

The rates of alkaline hydrolysis of the esters of halogenated
acids have not been extensively investigated becauses of the high
speed with which these reactions occur. Furthermore, as a result
of the slight solubilities of these esters in water, it is not
possible to operate at the usual concentrstions used in the study
of aqueous solution kinetics,

Skrabal and Ruckert38 studied the saponification of mono-
and dichloroacetic esters in aqueous media, using a rather indirect

measurement technique., A rate constant value of 136 liters mole"'1

: secc'l was obtained for the alkaline hydrolysis of methyl chloroace-

‘tate. A more accurate, but still indirect, method was used by

Bell and Prue39, who obtained a lower value for methyl chloro-

1 eeco-l)a A unique thermal

acetate hydrolysis (65 liters mole”
method for following such reactions with half-lives in the range
of 3 seconds to 3 minutes has been proposed, but has not yet
apparently been applied to the reactions here under discussionhoo
It seemed that the rate constant could be more directly
determined by following the concantration change with a record-
ing high-freduency oscillator, the feasibility of which approach
had been indicated by the investigation of the lower aliphatic

esters. !/se of an oscillator circuit would permit more dilute

solutions to be studied, theireby lengthening the time of half-

life of the reaction, and the concentration change could be measured

instantaneously and continuously without the need for removing




pamples, manipulating diais, or performing any additional
operations. The importance of the latter feature in the investi-
gation of fest rates involving rdapid changes of solution condnuc-
vance is obvious,

i eec.'l) for

The values of the rate constants {liter mole
the methyl and ethyl esters of the three chloroacetic acids at
20° are shown in fig. 6, where the length of each experimental
datum indicatez the prgbable error.. The rate 1s increased approxi-
natelj tenfold for each add;iional chlorine atom added; the order
of increase is comparable for the methyl and ethyl esters.

An original experimental recorder trace and a rate constant
plot Zfor the hydrolysis of methyl chloroacetate at 30° are shown
in fig. 7 and 8. The half-1ifa in the particular experiment shown
was 13 seconds. The average half-lives at 20° for methyl and ethyl
dichloroacetates in this study were 8 and 12 sec., and for ethyl
trichloroacetate from 2 to 6 sec.
. In studying the halogenated esters, NaOH soluticn was placed
in the cell and was diluted with water such that the final volume
after the addition of ester would be 175 ml. The stirrer was
started ard the oscillator was tuned to a point on the steep
portion of the loading curve. The estezr solution was then added
in 5-, 10-, or 20-ml. portione from a calibrated glass syringe.
The recorder was started either before or at the same time as
the delivery of the ester; a satisfactory curve trace usually

began within one second.

The tuned-plate tuned-grid oscillator circuit and experimentall

arrangemsnt used by Flomm and Elvinglk have been modified so as

15'

to permit the use of smaller semple volumez"-'; equal volumes of

i aund £ Vi €2
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thé reactant solutions sre delivered from § to 50-ml. hypodermic
syringes, being mixed within a jet chamber adapted from the types

- - - - - e l.‘._»., 2
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aiid developsd by Chanss | - . Ad
oscillator is now in the rrocess of construction, to which the
sample cell consisting of a glass tube or capillary will be con-
nected by (a) bands around She tube, (b) conducting strips painted
on the inside or outside of the tube and protected by a coat of
insulating resin, or (c) some analogous coupling device. It is
hoped that this will permit more rapid attainment of a homogeneous
reaction system and hence the following of reactions of half-life
considerably less than a few seconds, Such a type of cell has
been recently mentioned in connection with the followlng of rapid
inorganic ionic reactions by conventional conductance measurement“’°
Apparently, E‘:aall*5 was the first to adopt the Hartridge and Rough-
ton mixing technique to determining via conventional conducto-
metric and potentiometric measurement. the time required for the
cempletion of ionic reactions; he has also indicated previous work

on the latter problem.
RELATIVE VALUE CF THE TECHNIQUE

The use of a megacycle or redio-frequency oscillator employing
insulated cells for conductance measurement hes the major advan-
tages over the usual low-{irequency conductance measurement of
(a) dispensing with the contact of the solution with electrodes
and its attendant difficulties, and (b) permitting more rapid
recording of concerntration changes since point by point balancing
is unnecessary. On the other hand, it suffers from an apparent
greater complexity of interpretation. The necessary high-frequency

instrumentation is usually less el8borate and costly thsn thot

T e
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required for equivalently precise low-frequency measurement.

Compared to other measurement techniques such as titration

limitation of lack of specificity characteristic of any method of
measurement. based on a single physical property such as conductance,
refractive index or volume. Strictly speaking, such measurement
can be relasted to the cdmpaaitioh or change in composition of only
an effectively two-component system, i.e., {a) a system involving
the replacement of one substance by snother, (v) a system in which
the relative values of the physical property being measured are
such as to make the system a pseudo two-component mixture, or

(c) a system in which the change in species is so connectei rela-
tive to the values of the property concerned that one value of the
property permits analysis of the system.

The megacycle~ffequency technique can be used to follow ionic
changes in aqueous solutions and dielectric changes in nonaqueous
solutions where spectrophotcuetric or other analytical methods are
not readily applicable.

In the case of aqueous solutions, the applicability of the
high-frequency technique is limited to quite dilute solutions,
i.e., to concentrations equivalent %o 10™L to 10”2 normal in electro-
lyte. This limitation, plus the fact that the response of the
instrument is usually due to ionic conductance, effectively pre-
cludes the possibility of studying reactions in adequately buffered
pedia; this is true of conductance methods in general. The wide
applicability in nonaqueous media where effectively dielectric
constant change is being measured, is indicated by the wofk of
Burrell, Majury end Melv111332’33 cited. The possibility of
investigating ionic reasctions in nonaqueous media is shown by Che

successful vitration cof organic bases with HClOk in glacial acetic
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acid uging an oscillator (1 Mc/s)23.

Reactions whose rates are tco rapid to be followed by a
recording potenticmeter or similar device, could be followed by
photographing the potential-time record traced on a cathode-ray
oscilloscope,

The ultimate limitations to the megacycle-frequency technique
would 3eem to be (a) the speed with which mixing of the rzactants
can be achieved and {(b) the time factor involved in the 1esponse
of the oscillator and recording circuits. The latter is not e
limiting factor if oscillographic recording is used since the time
delay in such response should never exceed a few microseconds.
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Fig 8¢

Responae of high-frequency oscillator c¢ircuits

a8 a {uncivion of concentration,
Equivalent circuit,

Relation of high-frequency conductance and

capacitance to low-frequency conductance,

Block diagram of high-frequency oscillator anparatus

arrangement for reaction rate measurement,

" Effect of concentration change on oscillator response

for varlious compoundse.

Water used as reference substance.

1 sec'l) at 20° C.

Dependence of rate constant (liter mecle”
on number of chlorine atoms in acidic portion of esters

of acetic =cid,

Original recordey trace for alkaline hydrolysis

of methyl chloroacetate at 30° Co.

Alkgline hydrolysis of methyl chloroacetate.

Data derived from fig. 7.
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